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Abstract 
In order to satisfy the requirement of the underwater acoustic positioning system for offshore oil exploration, a design 
idea for an underwater acoustic responder which used on USBL positioning system was proposed. The hardware 
adopted MSP430F5438 as the core of controlling and the digital signal processor TMS320VC5509A for computing, 
and made a detailed analysis for the low-power hardware design. Gold sequence direct sequence spread-spectrum 
was used on communication system, while modulation was PSK. An appropriate spread-spectrum synchronization 
mode was presented for the system. MATLAB-based simulation and experiments show that the responder is working 
reliably and supporting multi-user communication. Meanwhile, the standby quiescent current is less than 2mA. 
© 2011 Published by Elsevier Ltd.  
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1. Preface
With the technological developing and the continuing demand for marine resources, underwater 
acoustic positioning technology [1] has been widely used in civilian applications, such as: exploration of 
seabed topography, offshore oil development and laying underwater cables. Underwater acoustic 
responder is a key component of the positioning system, it’s provides testing data for positioning, 
responses positioning signal, and completes the underwater target positioning. 
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Looking abroad on the technology of underwater acoustic positioning used on offshore exploration, 
mostly is Sonardyne, Kongsberg Simrad and Nautronix's products [2]. These companies represent the 
advanced level in this field. In China, the product of underwater acoustic positioning is monopolized by 
these companies, which developing of domestic underwater acoustic positioning system is becoming 
imperative. 
This paper focuses on a hardware design in use of TMS320VC5509A for underwater acoustic 
responder. The underwater acoustic channel is a narrow-bandwidth high latency, high noise and severe 
multipath fading channel[3], so spread-spectrum communication technology was adopted,  and compared 
with the previous responder it has a good performance at supporting multi-user communication, 
suppressing multi-path interference and lower power consumption. 
2. System introduction 
The responder with low-power hardware design used spread-spectrum communication method in the 
water. And the USBL system based on transponder signals' transmission time and phase difference to 
complete the positioning. 
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Fig. 1. Overall block diagram 
As shown in Figure 1, the responder with modular design can be divided into seven parts: Transducer, 
Receiving and Pretreatment Module, Duty and Control Module, Digital Processing Module, Power 
amplifier & Matching Module, Power conversion module and High performance battery pack. When the 
responder is in standby mode, Digital Processing Module and Power amplifier & Matching Module are in 
power-down state, while the MCU in the Duty and Control Module is in low power state which waked up 
by wake-up signal, and it is responsible for the overall system power management. 
Part of design specifications for the underwater acoustic responder: working depth is less than 500 
meters, response distance is less than 1500 meters and standby time in water is not less than four months. 
3. Hardware design 
The hardware used TI's low power MSP430F5438 microcontroller as the core of controlling and the 
high-performance low-power digital signal processor TMS320VC5509A for computing, and combined 
with the remaining modules to complete response function. 
3.1. System  workflow 
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As shown in Figure 2, it is a functional block diagram for the system. System workflow is: the first 
step, a wake-up signal gets through the underwater acoustic channel and received by the acoustic 
transducer, then it through the receive switch and impedance matching, amplified by preamplifier. Later, 
after a fourth-order band-pass filter and three post-amplifier, the signal gets into the duty circuit which 
calculates the signal energy and determines whether to wake up the MCU. 
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Fig. 2. Overall functional block diagram 
The second step, the MCU has been awakened powers on the digital processing module, and calculates 
to the size of the signal energy to decide the magnification choices. After received a response signal, the 
DSP compares with own ID number, then start amplifier module and transmit when the result is 
consistent, at the last the system gets into standby. 
3.2. Low-power analysis 
The low-power design of the underwater acoustic responder is the key to hardware. The system's low-
power design including five aspects: 
• Chip selection: without affecting the performance, all the chips of hardware could use low-power chip 
which can be reduced system quiescent current. Note that the amplifier could be appropriately 
increased the resistance to reduce current consumption. 
• Power conversion efficiency: the hardware uses DC-DC power supply chips could improve the power 
conversion efficiency. And compared to the LDO power supply, DC-DC has a relative high noise, but 
its conversion efficiency is generally available up to 80%. 
• Amplifier efficiency: responder's power amplifier circuit is the main energy consumption, good 
impedance matching between power amplifier and transducer could greatly reduce the power 
consumption of the responder. 
• Software Optimization: higher amount of computation would inevitably result in increase in DSP 
power, so optimized the algorithm to reduce the frequency of the DSP may also reduce the energy 
consumption. 
• Use of duty circuit: the DSP in power-down state is in the standby which can be awakened by the duty 
circuit that could greatly reduce the quiescent current. 
4. Spread-spectrum communication system 
The underwater acoustic channel is a time-varying random channel, and the severe multi-path 
interference and acoustic Doppler shift are main reasons for the high error rate communication. It is an 
effective method for multiple accesses in acoustic channel which utilizes the orthogonal pseudo-random 
code to achieve channel’s sharing in frequency, time and space [4]. Simultaneously spread-spectrum 
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signal can also effectively reduce the impact of the multi-path signal transmission and improve the ability 
of interference. 
The system requires more than one responder can answer simultaneous, so the communication system 
used Gold direct sequence spread-spectrum for encoding. Also according to the responder's low 
communication rate, an appropriate spread-spectrum synchronization mode was presented, while 
modulation was PSK. Spread-spectrum communication system block diagram is shown in Figure 3. 
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Fig. 3. Underwater acoustic communication system block diagram 
4.1. Design for transmit signal 
The communication of responder is only to verify whether has received response signal, without any 
amount of information. As shown in Figure 3, the system sends a PN code as the transmit data, it is 
through the wave form filter and modulated by carrier wave. In view of the orthogonal design of the PN 
code selection, 10 bands of Gold code sequence is used in communication system. 
The spreading code generated a series of rectangular pulses, when the rectangular pulse through a 
band-limited channel, the pulse will have a delay spread which leads to pulse into the adjacent yard 
intervals and results in inter-symbol interference [5]. To solve this problem, a multi-level wave form filter 
has been adopted. 
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Fig. 4. (a)Signal through the shaping filter; (b) Signal through the square root raised cosine filter; (c) Experimental waveform
The signal through a raised cosine filter and a square root raised cosine filter respectively, and liters of 
sample to meet the requirements of the amplifier circuit. The waveforms based on MATLAB after two 
filters are shown in Figure 4, the (a) shows the signal through the raised cosine filter, and the (b) means 
the signal after a square root raised cosine filter. Finally, the signal is modulated by PSK, and transmitted 
out though the transducer. The (c) is the experimental transmitted signal, in which the transmitted signal 
designed reliable and met system simulation results 
4.2. Synchronization mode for spread-spectrum communication 
The synchronization is a key step to the spread-spectrum communication, which determines the 
processing gain and stability of the communication. And it is divided into PN code synchronization and 
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carrier synchronization [6]. Only one single frame data was transferred in communication process, so we 
proposed a way of spread-spectrum synchronization which could reduce the computational and achieve 
the precise synchronization. 
Shown in Figure 3, the signal received was divided into two paths I and Q, and they were multiplied 
with the local carriers that phase difference of 90 degrees respectively. Then signals above though wave 
form filters and completed the down-sampling, later did the correlation operation with responder own PN 
code respectively which obtained the correlation coefficients r1, r2 and r1
2+r2
2. In a series of correlation 
coefficients to be the greatest moment of the r1
2+r2
2 was the time synchronization completed. 
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Fig. 5. (a)correlation coefficient r1; (b)correlation coefficient r2; (c)correlation coefficient r1
2+r2
2 by MATLAB 
Shown in Figure 5, the (a) means the waveform which correlation coefficient r1 of I road, and the (b) is 
Q road correlation coefficient r2, the most important correlation coefficient r1
2+r2
2 is shown in the (c). 
Seen from the figure, the highest correlation peak is the time synchronization completed, and from this 
frame we can restore the data of the signal. 
5. Conclusion 
This paper presents a low-power hardware design for the underwater acoustic responder based on DSP, 
and specific describes the coding processes and synchronization of the spread-spectrum communication 
system. Meanwhile, the article makes a detailed analysis and testing against the low-power hardware 
design. MATLAB-based simulation and experimental verification show that the responder has low static 
power consumption and communication error rate, and supports multi-user communication which reached 
the desired design specifications. Further applied on the ultra-short baseline underwater acoustic 
positioning system, it would improve the effectiveness of the work on offshore exploration operations. 
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